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Abstract. In this paper the results of metabolic blood parameters examination of 
lactating cows are presented. We measured levels of glucose, total proteins, albumin, urea, 
and total bilirubin in blood, and the activity of aspartate aminotransferase (AST) and alanine 
transaminase (ALT). The aim of this work is to show difference in metabolic status of three 
different categories of dairy cows in intensive rearing conditions. 
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INTRODUCTION 
 
Good health of dairy animals is important for their welfare and high herd 
productivity.  Presence of diseases is one of the indicator of poor welfare of animals and it 
was discussed in publication by EFSA (2009a,b) and Stengärde (2010). Some problems for 
dairy cows, such as metabolic pressures associated with high milk production and various 
factors leading to lameness, result in poor welfare for a very long period (EFSA, 2009c).  
In high productive dairy cows exposed to high metabolic loads may appear very 
serious health problems (Bojkovski et. al. 2007a, 2008). Inter alia, a consequence of elevated 
metabolic rate makes high yielding cows vulnerable to heat stress (EFSA, 2009c). The major 
indicators of poor welfare that are associated with selection for high milk production are 
lameness, mastitis, metabolic disorders, sub-fertility, and longevity (EFSA, 2009c). That is 
the reason why in herd health programs, which are based on preventive measures stating the 
health goals of the farm, the incidence of diseases such as metabolic disorders, is monitored.  
Metabolic disorders belong to the most significant and the most common health 
problems of high-productive dairy cows in intensive farming. They include ketosis, fatty liver 
syndrome, puerperal paresis and other diseases (Djoković et al., 2007; 2010). These ailments 
are usually present in a subclinical form and their highest frequency occurs during perinatal 
period and at the beginning of lactation. The major disorders affecting the fresh cow are 
usually the result of nutrition and feed management problems. Metabolic disorders are 
completely interrelated and tend to occur together. Blood parameters have been used to 
predict an increased risk of metabolic disease in individual cows and to identify the acute 
phases of disease (Itoh et al., 1998; LeBlanc et al., 2005).  
Metabolic profiles of cattle first came into use in the seventies, when the Compton 
metabolic profile test was developed to monitor production diseases in dairy herds (Payne et 
al., 1970). This blood profile test included measures of blood cells, glucose, protein 
parameters, and minerals known to change when metabolic disorders were present. Other 
researchers included other biochemical indicators, such as liver enzymes. Metabolical profile 
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test serve for detection of even subtle deviations from standard of the parameters in question, 
which allows for eliminating the hazard to animals health before the appearance of clinical 
symptoms, reproduction disorders and decrease of milking yield (Rutkowiak, 2001). Since 
physiological stress responses, including those resulting from metabolic disorders, may give 
rise to immunosuppression cows need to minimize stressful experiences in order to have an 
effective immune system. Cows which are sick need an environment that may be different as 
regards temperature, food, good lying surfaces and possibilities for rest and avoidance of 
disturbance from that needed by healthy cows (EFSA, 2009c). 
The aim of this work is to show difference in metabolic status of three different 
categories of dairy cows from the intensive rearing system farm. This study is a part of more 
extensive research of metabolic profile of dairy cows in farms with different management 
practice.    
 
MATERIALS AND METHODS 
 
Blood was taken from v. jugulars three groups of cows in second and third lactation 
and kept in tied system of rearing. Clinically healthy cows were chosen randomly and they 
were classified in groups based on the category: cows in puerperium (I group, n = 5), high 
pregnant cows (II group, n = 5) and cows in early lactation (III group, n = 5). The following 
parameters from serum were determinated: concentration of glucose, total proteins, albumin, 
urea, bilirubin, AST and ALT. Biochemical analyses were performed by automatical analyzer 
Basic Secoman, France. Data were analyzed by descriptive statistics and nonparametric tests 
(Kruskal-Wallis test, Mann-Whitney U test). 
RESULTS AND DISCUSION 
 
According to Kida (2002), the traditional metabolic profile test cannot be applied to 
peripartum dairy cows, because these cows are in a state of physiological abnormality making 
it difficult to interpret their blood components. Data about reference limits are often different. 
In papers of other authors (Abeni et al., 2005; de Cardoso et al., 2008; EFSA, 2009b; Kida, 
2002; Stengärde, 2010) blood parameters are often analyzed in relation to milking system, 
housing conditions, body score and some management practice, also taking into account 
season, age of cows etc. In that way, they can be useful for thorough assessment of cows’ 
welfare level.  
Results of the biochemical analyzes of cows’ blood from our study are presented in 
the following tables. They can indicate on some health and/or welfare problems existence in 
cows.  
 
Tab.1.  
Glucose levels (mmol/l) in serum of dairy cows in puerperium, high pregnancy and early 
lactation 
 
Group Mean** Minimum Maximum SD* CV* 
I 4.52a 2.58 6.96 1.79 39.62 
II 3.87a 3.43 4.50 0.41 10.51 
III 3.54a 2.29 6.01 1.49 42.07 
  * SD – standard deviation; CV – coefficient of variation 
** there is no significant difference between values marked by the same letter (p > 0.05) 
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According to Ingvartsen et al. (2003) glucose concentrations decrease at parturition 
and are lower in the first weeks of lactation than before calving or later in lactation. The data 
from our study showed the highest average value in the group of cows in the first week of 
lactation i.e. puerperium (4.52 ± 1.79 mmol/l). In publication of Stengärde (2010) is noted 
that in reference range for cows 2 – 21 days postpartum should be <3.0 mmol/l.  
There is no significant difference in the average values of all three groups (P > 0.05). 
However, data from Table 1 shows variability of glucose values: the highest was in the early 
lactating cows and the lowest in the group of high pregnant cows. Glucose concentration in 
blood can undergo short-term fluctuations in response to stress hormones as well as display 
diurnal variation (Stengärde, 2010).  
 
Tab.2. 
Total proteins levels (g/l) in serum of dairy cows in puerperium, high pregnancy and early 
lactation 
 
Group Mean** Minimum Maximum SD* CV* 
I 76.05a 66.70 84.92 8.01 10.54 
II 72.68a 62.05 78.49 6.48 8.91 
III 76.80a 69.07 86.75 7.51 9.78 
  * SD – standard deviation; CV – coefficient of variation 
** There is no significant difference between values marked by the same letter (p > 0.05) 
 
Serum proteins constitute a portion of the amino acid pool of the body and as such 
are believed to be indicative of the nutritional status of the animal. As it shown in Table 2 
values of total proteins did not fluctuate a lot among three groups of cows. There is no 
significant difference between average values of total proteins in blood (P > 0.05) and those 
values are in the physiological limit according to Radostis et al. (2000). 
 
Tab.3.  
Albumins levels (%) in serum of dairy cows in puerperium, high pregnancy and early 
lactation 
 
Group Mean** Minimum Maximum SD* CV* 
I 38.48a 32.70 44.40 4.14 10.75 
II 44.76b 41.90 46.60 1.83 4.08 
III 43.82b 41.80 45.80 1.89 4.32 
  * SD – standard deviation; CV – coefficient of variation 
** a, b – significant difference (p < 0.05) between values marked by different letters; there is no significant  
     difference between values marked by the same letter (p > 0.05) 
 
Table 3 shows that the average content of albumins in blood of cows in puerperium 
is significantly lower than in other groups (P < 0.05), and there is no difference between 
group of high pregnant and early lactating cows. Influence of the group on albumins content 
is significant (P < 0.05). According to data of Ruginosu et. al. (2011), values above 40% are 
out of range. In our study they are measured in individual samples in all three groups, and as 
average values are presented in cows in early lactation and high pregnancy. 
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Tab.4.  
Urea levels (mmol/l) in serum of dairy cows in puerperium, high pregnancy and early 
lactation 
 
Group Mean** Minimum Maximum SD* CV* 
I 6.86A 5.10 8.30 1.24 18.05 
II 8.18A 6.90 10.80 1.63 19.93 
III 4.28B 3.90 4.90 0.41 9.69 
  * SD – standard deviation; CV – coefficient of variation 
** A, B – very significant difference (p < 0.01) between values marked by different letters; there is no significant   
     difference between values marked by the same letter (p > 0.05) 
 
In the Table 4 is shown that average value of urea in the blood of cows in early 
lactation is significantly lower then in other groups (P < 0.01), and individual values fluctuate 
less than in other two groups. There is no significant difference between average urea levels 
in cows in puerperium and high pregnancy (P > 0.05), and significant influence of group on 
obtained values exists (P < 0.05). In the group of high pregnant cows average value is above 
reference range. 
Urea is an important source of protein synthesis in ruminants through the urea cycle 
(Herdt, 2000). During lactation, the udder uses large amounts of protein for milk production. 
Reduced dry matter intake might cause a drop in the ammonia absorption, causing a shift of 
urea being recycled in the rumen, which may explain the lower serum concentrations of urea 
in the postparturient period (Quiroz-Rocha et al., 2009).   
 
Tab.5.  
Bilirubin levels (µmol/l) in serum of dairy cows in puerperium, high pregnancy and early 
lactation 
 
Group Mean** Minimum Maximum SD* CV* 
I 7.94a 4.80 9.90 1.89 23.84 
II 10.16a 8.00 13.50 2.34 23.03 
III 8.88a 8.00 11.40 1.43 16.11 
*SD – standard deviation; CV – coefficient of variation 
** There is no significant difference between values marked by the same letter (p > 0.05) 
 
Table 5 shows absence of significant difference between average bilirubin levels in 
all three groups (P > 0.05). Despite that, the highest content is recorded in the group of high 
pregnant cows (10.16 ± 2.34 µmol/l) and the lowest in the group of cows in puerperium (7.94 
± 1.89 µmol/l); all of them were above reference range. This is opposite to findings of Bionaz 
et al. (2007); these authors recorded increase of bilirubin levels after parturition, which should 
return to the basal values 2 to 3 week after parturition.  
 
 
 
 
 
 
 
  52 
Tab.6.  
AST levels (IJ/l) in serum of dairy cows in puerperium, high pregnancy and early 
lactation 
 
Group Mean** Minimum Maximum SD* CV* 
I 121.20  a 83.00 169.00 32.76 27.03 
II 101.40ab 56.00 175.00 44.43 43.81 
III 73.00  b 55.00 96.00 15.98 21.90 
  * SD – standard deviation; SE – standard error; CV – coefficient of variation 
** a, b – significant difference (p < 0,05) between values marked by different letters; there is no significant  
     difference between values marked by the same letter (p > 0.05) 
 
Only low concentrations of the enzyme aspartate aminotransferase are present in the 
blood of healthy animals, but concentrations of AST rise in cows around calving (Cavestany 
et al., 2005; Geishauser et al., 1999). These facts are in accordance with results from Table 6 
where the average value of AST in the group of cows in early lactation is significantly lower 
than in the group of cows in puerperium (P < 0.05). There is no significant difference between 
average value of AST in blood of the high pregnant cows and cows in other groups (P > 0.05). 
Fluctuating of values is the highest in the group of high pregnant cows.  
When there is cell damage or necrosis of fat infiltrated hepatocytes, the enzyme can 
leak into the bloodstream and increased AST serum activity may be detected. Aspartate 
aminotransferase, although not liver specific, is used to detect liver cell damage in cattle and 
has been associated with liver cell damage and hepatic lipidosis (Komatsu et al., 2002). 
Maximal individual values detected in groups of cows in puerperium and high pregnant cows 
could indicate some metabolical disorders, as is described in paper by de Cardoso et. al 
(2008). However, the AST models did not seem to be the most exact indicators of certain 
problem, as they can be altered in any kind of hepatic lesion or muscular effort (Kaneko et al., 
1997). 
      
Tab.7.  
ALT levels (IJ/l) in serum of dairy cows in puerperium, high pregnancy and early 
lactation 
 
Group Mean** Minimum Maximum SD* CV* 
I 48.00a 33.00 88.00 23.09 48.10 
II 40.80a 25.00 59.00 12.26 30.04 
III 36.40a 33.00 46.00 5.50 15.12 
  * SD – standard deviation; CV – coefficient of variation 
** There is no significant difference between values marked by the same letter (p > 0.05) 
 
As it shown in Table 7 there is no significant difference between average ALT levels in 
all three groups (P > 0.05). The lowest value was in the group of cows in early lactation what 
is similar to finding of Stojevic et al. (2005): they measured the lowest ALT activity during 
early lactation, while activity increased in the second and third periods of lactation. As stated 
by Saba et al. (1987), higher levels of AST and ALT in cows after delivery are related to 
higher metabolic effort caused by lactation, while in cows with a pathologic course of 
postnatal period they result from damage to the organs of the reproductive system. 
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Metabolic disorders of high-dairy cows are highly expressed in the puerperium. The 
body of high-dairy cows even during pregnancy and early lactation requires an increased 
supply of energy and protein. Cows are in negative energy balance during early lactation, 
when functional body tissues may be metabolised to excess, causing poor welfare. Lack of 
energy during high lactation occurs as results surpassing the diet period drying off when it 
comes to fatty liver syndrome, which leads to disturbances in reproduction (Bojkovski et al., 
2007b, Krsmanović, 2010). Reproductive disorders, reduced production efficiency, and 
increased mortality in neonates as the most common consequences of metabolic disorders 
cause major economic damage in intensive dairy farming. In this context, ongoing assessment 
of nutritional metabolic integrity by determining the metabolic profile of each herd in 
different physiological states or stages of production is a useful diagnostic method for early 
prediction of group diseases and for taking corrective measures to fodder ratio.  
 
CONLUSION 
 
In this study results of certain parameters in blood of three categories of dairy cows 
are presented. The average values were slightly elevated regarding to the reference range 
except for total proteins. Changes of values during lactation are mainly consistent with the 
findings of other authors, except for content of bilirubin.  
Review of blood biochemical parameters, as it shown in our paper, can be used for 
regular checking of cows’ physiological status and as a base for further research.    
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